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DESIGN  OF  THE  NUSC  REPLACEMENT  TCP  MOORING 
FOR  LAKE  SENECA,  DRESDEN,  MEW  YORK 


by 

William  N.  Seel i g 


1 .  Introduction 

'^The  Transducer  Calibration  Platform  (TCP)  of  the  Naval  Under¬ 
water  System  Center  (NUSC),  Dresden,  N.Y.  consists  of  a  barge  (33'  wide, 
I50'  long,  k'  freeboard)  and  a  small  transformer  float  connected  to 
a  shore  power  cable.  The  two  point  mooring  for  this  facility  failed  in 
1982  after  many  years  of  service  and  a  temporary  mooring  was  installed 
to  moor  the  facility  for  approximately  one  year. 

The  new  anchoring  system  is  a  four  point  mooring  that  is 
similar  to  the  nearby,  but  larger,  SMP  mooring. -^The  new  TCP  mooring 
design  is  shown  on  NAVFAC  (CHESDIV)  Drawing  Numbe rj 326161 , 

"Transducer  Calibration  Platform  (TCP),  4  Point  Muring  Site,  Plan  6 

Details",  revised  5/10/83.  1 

^  -K  I  0 

2.  Design  Conditions 

The  design  wind  is  taken  as  85  knots,  which  is  10%  larger  than 
the  highest  winds  ever  recorded  at  Lake  Seneca.  The  dynamic  forces  due 
to  wind  gusts  and  waves  is  then  taken  as  33^  of  the  static  forces  and 
the  dynamic  and  static  components  combined  into  the  design  force.  A 
total  design  horizontal  force  of  35  kips  is  used  to  design  each  of  the 
mooring  legs.  Calculations  for  this  design  load  are  given  in  Appendix  A 

The  water  depth  at  the  site  is  535  feet  and  the  bottom  material 
is  mud. 

Disnavnon  nArsamn  n  i 
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3.  The  New  Design  for  the  TCP  Moor in 


NUSC  requested  that  the  new  TCP  mooring  be  a  four  point  moor  similar 
in  design  to  the  nearby  SMP  mooring.  The  SMP  has  sinkers  attached  to 
wire  rope  within  the  water  column.  This  location  of  sinkers  was  not 
duplicated  on  the  TCP  moor  because  of  possible  wear  and  eventual  loss 
of  sinkers. 


Figure  1  shows  the  plan  view  of  the  newly  designed  TCP  mooring. 

The  exact  location  of  this  facility  will  be  determined  by  a  NUSC 
installed  marker  buoy.  This  marker  buoy  and  the  mooring  will  be  located 
west  of  the  old  facility,  so  that  the  worn  end  of  the  shore  power  cable 
can  be  removed.  The  new  four  point  mooring  is  to  be  installed  by  a 
contractor  and  the  government  will  moor  the  barge  and  transformer  float. 

Figure  2  shows  the  selected  mooring  leg  design  for  each  of  the 
four  legs  (profile  view).  These  legs  consist  of  the  following  components 
with  the  specified  dimension  (design  load  «  35  kips): 


Component 
5000#  Boss  anchor 


1-1/2''  chain 


Characteristics 

approx.  120  kips  of  holding  power 
(see  NCEL  Techdata  Sheet  #83-08) 

F.S.  «  3«^  against  dragging 

Proof  strength  is  approx.  131  kips  6 
breaking  strength  is  183  kips; 

F.S.  ■  3-7  for  proof  6 

F.S.  »  5*2  for  breaking  (new  chain) 


l_3/i|ii  wire  rope 
Buoy,  dias9.5' ,h*5' 


connecting  lines 
1-3/^"  wire  rope  with 
chain  tails 


breaking  strength  is  approx.  22k  kips; 
F.S.  B  6.k  against  breaking  (new  rope) 


buoy  freeboard  is  2.0  during  light  winds, 
1.5'  for  a  37  mph  wind  and  submerges 
for  a  60  mph  wind  (see  Appendix  B 
for  buoy  characteristics  &  design) 


F.S.  B  6.k  against  breaking 


See  Appendix  B  for  details  of  the  mooring  buoy  design  and  Appendix  C 
for  selection  of  the  other  major  mooring  components. 
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Figure  2.  Profile  View  of  the  Mooring  Legs 
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*1.  Load/Deflection  Curve  for  the  Mooring  Legs 


Figure  3  shows  the  predicted  load/deflection  curve  for  the  mooring 
legs.  The  mooring  design  calls  for  the  distance  from  the  anchor  to  buoy 
to  be  a  nominal  1750  -  50*,  so  the  predicted  pretension  is  between  2 
and  5  kips.  A  pretension  of  k  kips  is  expected  if  the  anchor  is  placed 
1800'  from  the  buoy  and  then  dragged  until  founded.  In  operating  conditions 
of  30  mph  winds  or  less  the  barge  is  predicted  to  move  a  maximum  of 
15'  from  the  neutral  position  (30*  of  total  motion  if  the  wind  changes 
direction  by  180**). 

Figure  It  shows  the  predicted  length  of  material  of  the  mooring  leg 
that  is  on  the  lake  bottom  at  various  Amounts  of  horizontal  pull  force 
at  the  buoy.  Over  800  feet  of  chain  is  predicted  to  be  on  the  bottom 
for  forces  less  than  15  kips  (wind  speeds  less  than  50  mph).  At  the 
design  force  of  35  kips  360  feet  of  chain  will  remain  on  the  bottom, 
which  will  provide  additional  holding  power  to  the  anchor  and  assure 
that  the  chain  angle  at  the  anchor  is  zero  degrees. 

All  of  the  wire  rope  will  be  off  the  bottom  at  the  anticipated 
pretension  of  k  kips  (Figure  5).  Some  of  the  chain  is  also  expected 
to  be  in  the  water  column,  if  the  pretension  reaches  5  kips. 

5-  The  Anchor  Pull  Test 

Anchors  are  to  be  pull  tested  2k  or  more  hours  after  they  are 
set.  At  the  specified  minimum  pull  force  of  30,000  pounds  the  sinker 
is  predicted  to  be  pulled  1»5'  off  of  the  lake  bottom.  Assuming  a 
I90'  long  line  is  attached  to  the  buoy  to  perform  the  pull  test, 
the  buoy  is  predicted  to  be  submerged  I?'  and  the  line  will  have 
a  6  down  angle  (Figure  6).  At  17*  of  submergence  the  buoys  have 
a  factor  of  safety  of  2  against  crushing  (see  Appendix  D) .  Looger 
pull  lines  should  not  be  used,  because  the  possibility  of  crushing 
increases.  If  a  longer  pull  line  is  required,  then  the  buoy  should 
be  removed  before  the  test  is  performed. 
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Figure  3-  Load/Deflection  Curve  for  the 
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6.  S  umma  ry 

A  four  point  mooring  has  been  designed  for  the  NUSC  TCP  facility 
at  Lake  Seneca,  New  York.  The  mooring  was  designed  to  withstand  conditions 
10%  higher  than  have  been  observed  at  the  site  and  components  have  a 
factor  T?f  safety  of  approximately  four  against  breaking  at  the  extreme 
design  condi t ions The  mooring  legs  consist  of  drag  anchors,  chain, 
concrete  sinkers,  wire  rope,  buoys  and  lines  for  connecting  the  barge 
and  transformer  platform  to  the  mooring. 

The  mooring  has  been  designed  to  **'give”^r  act  as  a  shock  absorber 
if  sudden  or  large  forces  act  on  the  TCP.  For  example,  a  front  crossing 
the  lake  could  produce  rapid  increases  in  the  wind  speed  and  the  barge 
would  move  slightly  in  response  to  these  forces.  However,  under  normal 
operating  conditions  the  leg  design  and  specified  pretension  of  S  kips, 
the  mooring  will  be  rather  '^tiff'^^ith  a  watch  circle  of  less  than 
10'  for  wind  speeds  below  20  knots. 
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APPENDIX  A.  DESIGN  CONDITIONS 


This  appendix  includes  calculations  and  discussions  for 
determining  the  design  load  of  35  kips  used  to  design  the  mooring 
legs . 
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Calculations  for: 

APPENDIX  B.  THE  MOORING  BUOYS 

This  appendix  includes  calculations  for  the  buoy  freeboard 
and  gives  specifications  for  the  buoys. 

Note  that  DM  26  (page  26-6-29)  specifies  that  buoy  freeboard 
of  at  least  18"  when  freely  supporting  the  mooring  material.  This 
design  uses  2k”,  assuming  a  pretension  of  5  kips. 
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2b  September  1962 


MILITARY  SPECIFICATION 
BUOYS,  MOORING  AND  MARKER 


This  spec  it irat ion  is  mandatory  for  use  by  all 
Departments  Agencies  of  the  Department  oi  Defense.  •' 


te 


1.  SCOPJ 


■/  c  y 
< 


1.1  Scope .  Tnis  spe  .  fication  covers  riser  citoin,  telephone,  and 
lindrical  mooring  buoys;  a  peg  top  buoy  having  a  cylindrical  upper 
1 1  ion  and  a  frustrum  shaped  lower  portion;  and  tension  bars  for  riser 
i.n  and  peg  tep  buoys. 


s  i 


1.2  Cl  ass  i  f  icat ion.  Buoys  shall  be  of  the  following  rypes  and 
res  as  spccitied  (see  6.2). 


T>’pc  1  -  Riser  cnain  mooring  buov. 


t! 


S  ire 

6-1/2 

-  6-1/2  feet  diameter,  4  teet  deep. 

Size 

7 

-  7  feet  diameter. 

5  feet  deep. 

S  ire 

9-1/2 

-  9-1/2  feet  diameter,  5  feet  deep. 

S  ire 

10-1/2A 

-  10-1/2  feet  diameter,  6-1/2  feet  deep 

Size 

10-1/2E 

-  10-1/2  feet  diameter,  7-1/2  feet  deep 

Size 

12 

-  12  feet  diameter. 

6  feet  deep. 

Type  11  ■ 

■  Telephone  mooring  buoy. 

Size 

14 

-  14  feet  diameter. 

7  feet  deep. 

Size 

15 

-  15  leet  diameter. 

7-1/2  feet  deep. 

Size 

16 

-  16  icet  diameter. 

8-1/2  feet  deep. 

Size 

17 

-  17  feet  diameter. 

10-1/2  lect  deep. 

Type  III 

-  Marker 

buoy. 

Size 

3-1/2 

-  3-1/2  feet  diamet 

cr ,  spherical  shape. 

Type  IV  - 

Peg  top 

mooring  buoy. 

Size 

12 

-  12  icet  diameter. 

9-1/2  feet  deep,  ME 

« 


.>4  ♦  ♦  •  j 

bT  3 
7  a 
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Type  V  -  Cylindrical  mooring  buoy 


S  ize  5 


Size  6 


Size  8 


-  5  feet  6  inches  diameter,  9  feet  6  inches 
long,  MK  V. 

-  5  feet  9  inches  Lameter,  12  feet  long, 

MK  2,  MOO  1. 

-  8  feet  diameter.  16  feet  8  inciics  lon^j, 

MK  IV. 


2.  APPLICABLE  UOCUIE NTS 

2.1  Tne  following  documents  of  the  issue  in  etiect  on  date  of  invi¬ 
tation  tor  bids  or  request  tor  proposal,  lonr.  part  ol  this  specification 
CO  the  extent  specified  herein. 

SPECIFICATIONS 


MILITARY 


MlL-T-706 

MIL-S-15083 

MlL-C-18295 


STANDARDS 


MILITARY 


MIL-STD-129 

;iil-std-130 

KIL-STD-271 


-  Treati-.icnt  and  Painting  ol  Materiel. 

-  Steel  Castings. 

-  Cnain  and  Fittings  tor  Fleet  Moorings. 

Copy  avafloble  to  DTIC  does  not 
psimit  fully  legible  lepipduction 

-  Marking  tor  SiiipmcnL  and  Storage. 

-  Identification  Marking  ot  U.S.  Military 
Property. 

-  .’o.idesc  rue  i  ivc  TesLing  Requirements  tor 

4  ](.'  4.  a  I  s  . 


DRy.'njs 


rcRt/L'  OF  VAfDS  A  .0  DOCKT  (Nv  v/..  F/ciLiTiES  endi;.t;eki:.o  command) 


62000  j 


o  20o  37 


02u(>‘iv 


hz0('<.0 


(.20kt.2 


(.rcbo  j 


-  ^t.nnJ.nril  F 1  <  i  t  .'''oorin.,s  .iaw:..-  pipe  Riser 
C.iain  T>pi  !‘uo)  .>e(ail». 

-  Siaii-'.-T  I  F 1 «  «  L  Mn'orin^y.  Ttlep.ione  Type 

"uo\  Ca'.TciL>  JVJ  ,t>d  )  Lhs. 

-  ;  niivj.-ir-.  Fi<ei  .kJoiin,.':  r.nr  Rijc-r  r..ain 
Ty'>.-  I'uoy  .Jciail:-  C.'’,i.ncit>  10L,OU'J  I.':'-. 

-  ‘■.i  .nin'.nrd  Fie  ..  M.oorin^-.  Tilep.ioiu'  Type 
(  uo_-  Oei.nil:.  C.'pncily  1/0,000  l.bs. 

-  r  i  .Ti  Mnr/^ir  or  ...L'riig  I  .ic>  3’-i)" 

oinr.iCer  C  n c  1 1  y  1  ,  jO'J  1,1;. 

-  ?  t  .'n.ark  K 1  e»  l  inirin;^  Ci.'i.)  an.  ^iitm 
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749872 


749873 


>  Standard  Fleet  Moorings  Tension  Bars  for 
Hawse  Pipe  Buoys. 

-  Standard  Fleet  Moorings  Bar  Riser  Chain 
Type  Buoy  Details  Capacity  42,000  Lbs. 


BUREAU  OF  ORDNANCE  (NAVAL  ORDNANCE  SYSTEMS  COMMAND) 


275040 

275043 

275045 

2«S048 

275CS3 


-  Mooring  Buoy  MK  IV  (Cylindrical  8'0"  x 
14'8")  General  Arrangement  and  Details. 

-  Mooring  Buoy  Hark  V  (Cylindrical,  5’6'’  x- 
9'6")  General  Arrangement  and  Details. 

-  Peg  Top  Buoy  Mark  II  General  Arrangement. 

-  Peg  Top  Buoy  HK  11  MOD  1  General  Arrangement. 

-  Mooring  Buoy  MR  2  MOD  1  General  Arrangement. 


2.2  Ocher  publ leations .  The  following  documents  form  a  part  of  this 
specification  to  the  extent  specified  herein.  Unless  otherwise  indicated, 
Che  issue  in  effect  on  dace  of  invitation  for  bids  or  request  for  proposal 
hall  apply. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

A7  -  Specification  for  Steel  for  Bridges  and 

Buildings. 

A36  “  Specification  for  Structural  Steel. 

A245  -  Specification  for  Flat-Rolled  Carbon  Steel 

Sheets  of  Structural  C.uality. 


(Application  for  copies  should  be  addressed  to  Ctie  American  Society 
for  Testing  and  Materials,  1916'Race  Street,  Philadelphia,  Pennsylvania 
19103.) 


AKERIC-’.N  TRUCKING  ASSOCIATION,  INC.  (ATA) 

National  Motor  Freight  Classification  Rules. 

(Application  for  copies  should  be  addressed  to  the  American  Trucking 
Association,  Inc.,  Traffic  Department,  1616  P  Street,  I.  W.,  '.’asnington, 
D.  C.  20036.) 


UNIFORM  CLASSIFICATION  COMMITTEE  (UCC) 

Uniform  Freight  Classification  Rules. 

(Application  for  copies  should  be  addressed  to  the  Unilorm  Classifi¬ 
cation  Coimlttec,  202  Union  Station,  516  West  Jackson  Boulevard,  Chicago, 
Illinois  60606.) 


^  *  •  *•  *•  ’  •«  •*.  •  .  •*  •’  •*  •*  •*  ■“  .* 
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S0UT4ER1;  PINE  INSPECTION  BUREAU  (SPIB) 

Standard  Grading  Rules  tor  Southern  Pine  Lumber. 

(Application  for  copies  should  be  addressed  to  the  Southern  Pine 
Inspection  Bureau  of  Che  Southern  Pine  Association,  New  Orleans, 
Louisiana  70150.) 

Technical  society  and  technical  association  specifications’  and 
standards  are  generally  available  for  reference  from  libraries.  They 
are  also  distributed  amonj  technical  group's  and  using  Federal  agencies.. 

»  .  *  .  ...  .  •  * 

3.  REfUIREMENTS  •  -  ' 

3.1  Preproduction  sample.  When  specified  (see  6.2),  Che  contractor* 

snail  Curuish  and  test  a  preproduction  sample  under  the  direction  and 
supervision  of  the  Government  Inspector  to  determine  conformance  to  this 
specification.  The  preproducCion  sample  is  defined  as  a  production 'unit 
Which  will  be  identical  to  the  units  which  the  manufacturer  will  subse- 
(^uently  produce  in  fulfillment  of  Che  contract.  Examination  and  tests 
shall  be  Chose  specified  nerein.  Approval  of  the  preproducCion  sample 
snail  not  relieve  the  contractor  of  his  obligation  to  supply  units  con> 
forniinj 'to  cnis  specification.  Any  changes  or  deviations  of  production  - 
units  from  Cue  preproducL ion  sample  shall  be  subject  to  the  approval  of  ' 
the  contracting  officer.  ' .v 

3.2  Material.  Material  shall  be  as  specified  herein  and  as  shown 
on  Che  applicable  drawings.  All  material  snail  be  new  and  unused. 

3.2.1'  Structural  steel.'  Steel  places,  shapes,  and  tars  shall- 
conform  co  ASTM  Designations  A7  or  A36.  Steel  sheet  shall  conform  to 
ASTI-i  Designation  A2AS,  condition  and  fin_ish  as  appropriate.  Laminated 
steel  plate  used  at  eye.^  of  tension  bars  shall  be  free  from  defects 
aliccting  strength,  when  examined  in  accordance  wlt'n  4.3.3.' 

3.2.2  Cast  steel.  Steel  castings  for  telephone  buoy  swivel  ring  .• 
and  post  shall  conCom  to  MIL-C-13293  and  the  applicable  drawings. 

Other  castings  shown  on  drawings  shall  conform  to  MlL-S-13083,  of  the  ' 
class  shown  on  the  applicable  drawings.  ~ 

3.2.3  Wood.  Lumber  for  rubbing  and  bearing  scrips  shall  be  yellow 
pine  dense  structural  86  or  long  leaf  structural  86,  conforming  to  Che 
SPIB  Standard  Grading  Rules  for  Southern  Pine  Lumber.  All  lumber  shall 
be  creosoted  as  specified  in  3.7.3. 

3.2.4  Rubber.  Rubber  for  tenders  shall  be  comcrcial  products 
rcgulsrly  used  for  marine  fendering,  and  shall  be  compounded  tor  optimum 
resistance  to  salt  water,  weathering,  oils,  abrasion,  compression  set, 
and  low  temperature  brittleness.  Short  IcnKths  shall  not  be  ii«eH. 
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3.3  Construction. 

3.3.1  Buoys.  Buoys  shall  be  constructed  as  specified  herein  and 
on  the  applicable  drawini^s  listed  in  table  I.  The  contractor  shall 
furnish  tne  type  II  buoys  complete  with  swivel  posts  and  swivel  rin^ 
castings.  Plastic  rope  and  floats  for  type  111  buoy  shall  be  as  shown 
on  Drawing  620662.  Monholes  for  types  I,  II,  and  III  buoys  uiay  be  cut 
where  required  provided  they  are  closed  by  a  watertii;ht  full  penetration 
weld  around  the  closing  plate,  after  all  Interior  work  has  been  completed 
and  Inspected.  ■  '  > 


• 

.  Table  I.  Applicable  drawin;ts  for  buoys 

Type 

* ■  ■  ■  .  sixe  -• 

■  Drawing  Mo. 

I 

6-1/2  and  7’ 

749873 

1 

9-1/2,  10-1/2A,  and  10-1/2B 

620659 

;  I 

12  : 

620605  . 

11 

14,  15,  and  16 

620660,  620663 

11 

17  ; 

620657,  620663 

III 

3-1/2 

620662 

IV 

S  »  ^  *  •  •  . 

27504S,  275048 

•  7 

V 

r  '  '  •  *  .  -  . 

.  .  .  •  5  '  .  ..  .  /-■ 

275043  : 

V 

6  ■ 

275083' 

V 

275040 

3.3.2  Tension  bars,  vrnen  specified  (see  6.2),  tension  bars  constructed 
as  specified  nerein  and  on  Drawing  749872  shell  be  furnished  with  or  .for 
type  1,  site  12,  and  type  IV  buoys  when  converting  trom  riser  cnain  hawse 
pipe  to  tae  tension  bar  arrangetnenc . 

3.3.3  Hard  facin'*,.  Unless  otherwise  specified  (see  6.2),  tne  sur¬ 
faces  of  eyes  in  tension  bars  and  swivel  ring  castings,  as  shown  on  the 

iplicable  drawings,  shall  be  hard  faced  by  the  metal  spray  process.  All 
.rfaces  to  be  faced  snail  be  thoroughly  prepared  by  removal  of  all  for¬ 
eign  material  and  corrosion  products  and  then  rougnened  by  grit  blasting 
using  an  abrasive  of  angular  steel  or  nonmctallic  grit  of  a  range  of  25 
to  40  mesh.  A  coating  ox  a  self-x'luxlng  metal  powder  composed  of  cnromlun. 
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boron,  nickel,  and  silicon  shall  be  sprayed  onto  the  prepared  surfaces 
so  as  CO  produce  a  finished  coating,  after  fusing,  of  not  less  than  20 
nils  thickness.  The  sprayed  coating  shall  be  fused  to  the  base  metal 
by  uniformly  heating  wicn  oxygen-acetylene  torches,  or  in  a  controlled 
atmosphere  oven,  to  the  proper  fusing  temperature  (approxiicacely  1,900**  ■ 
Fahrenheit).  Extreme  care  snail  be  exercised  to  prevent  overneating  - 
during  Che  fusing  process  in  order  Co  prevent  running  or  sagging  of  the 
coating.  The  sprayed  part  shall  be  cooled  slowly  in  accordance  with 
recommendations  of  Che  metal  spray  supplier.  The  finished  coating  shall 
be  of  fine  texture,  uniform  thickness,. free  of  unaComized  or  unfused 
particles  of  metal,  and  shall  have  a  hardness  of  56  to  61  on  the  Rockwell 
C  scale  or  79  Co  81.5  on  the  Rockwell  A  "scale.. 

3. 3. A  Swivel  posts  and  swivel  rings.  The  swivel  posts  and  swivel 
rings  shall  be  fabricated  as  shown  on  Drawings  620657,  620660,  and 
620663,  and  shall' conform  to  MIL-C~18295,  group  3,  except  that  the  class 

of  casting  shall  be  as  shown  on  Cne  drawings. 

-  •  ;  "I  ... 

3.4  Steel  pipe  and  fitcih;;s.  .Pipe  shall  be  regular  conmercial 

seamless  or  welded  steel  pipe  except  where  wrought  iron  pipe  is  shown 
on  the  drawings.  Pipe  shall  be  of  Che  size,  schedule,  and  wall  thicks 
ness  shown.  Pipe  fittings  shall  be  standard  steel  and  cast  iron  as 
.shown.  .. 

3.5  Fasteners .  .'ituds,  uuCs,  bolts,  wood  screws,  and  capscrews 

snail  he  of  the  characteristics,  diincnslons ,  and  quantities  as  shown 
on  the  drawings.  Steel  fasteners  snail  have  conincrcial  grade  zinc  ■ 
coating.  ^  . 

3.6  Ti  '.iitiiess.  Types  1,  II,  and  III  buoys  shall  not  leak  when  . 
tested  by  air  or  hydrostaC ic*  pressure  in  accordance  with  4.3.1  or  4.3.2, 
Cne  laetnod  of  testing  to  he  detennined  by  tnc  manufacturer.  lAien  tested 
nydrostat ical ly ,  the  >uoys,  and  individual  compartments  of  buoys,  snail 
withstaiid  en  internal  nydrostatic  pressure  of  5  pounds  per  square  inch, 
maintained  lor  a  period  of  not  less  then  15  minutc.s,  without  leakage, 
jOiiit  failure,  or  abnormal  bulging  of  plate;>.  f/pv-.  l.'  •  'f  V 

..c^'  itsLvd  as  specified  on  the  drawings. 

3.7  Treatment  and  paint  in,.. 

3.7.1  b!ctal  surfaces.  After  each  buoy  has  passed  all  tests  as 
.’ipeclficd,  and  before  instcllat  io.n  of  fenders,  rubbing  and  bearing 
i  trips,  the  exterior  i.ietal  surfaces  of  all  buoys,  tension  bars,  and 
swivel  posc.s,  except  threaded  surfaces,  shall  he  cleaned,  treated,  a.td 
painted  in  accordance  uicn  .'IlL-T-704,  type  I',  except  t.nat,  vatt-n  spcciiicd 
(.see  6.2),  other  linisn  paint  shall  be  util  iced.  Unless  otherwise 
specif ieu  (sec  6.2),  the  finish  color  snail  be  lustcrless  bine!:  number 
37036.  In  ridirion,  tnc  interior  .surfaces  of  types  IV  and  V  buoys  shall 
f.e  cleane.’,  trrattd,  .nnd  painted  in  accordance  with  i!lL-T-704,  type  C. 


M1L-B-1611:>D 


3.7.2  Tnreaded  surfaces.  The  threaded  surfaces  of  all  fasteners 

in  tapped  holes,  and  all  pipe  plu^s  installed  prior  to  and  after  testin;;, 
shall  be  coated  with  a  thick  mixture  (f  red  and  white  lead  in  linseed  oil. 

3.7.3  Wood  treatment.  After  cutting,  fitting,  and  drilling,  all 
wood  parts  shall  be  pressure  treated  to  a  net  retention  of  20  pounds  or 
refusal,  using  a  creosote-coal  tar  solution. 

3.8  Identification  marktn;».  The  equipment  shall  be  marked  for  - 
identification  in  accordance  with  MIL*STD-130.  Unless  otherwise  sped-  ■ 
fied  on  the  drawings,  marking  shall  be  1/8  inch  raised  letters  1  inch 
high  located  on  the  buoys  under  railing  for  types  I  and  II  buoys  or, as 
shown  on  the  applicable  drawing.  The  legend  shall  include  size  of  buoy, 
weight  in  pounds,  and  year  of  manufacture.  Tension  bars  furnished  ‘ 
separately  shall  have  stenciled 'markings. 

.  •  ■  .  ...  .  'V  ■  *  ■ '  .  r  ’ 

3.9  Workmanship.  .  .  ; 

3.9.1  Steel  fabrication.  Sfeel  used  -in  the  fabrication  of  equipment' 
shall  be  free  from  kinks  and  sharp  bends.  The  straightening  of  material 
shall  be  done  by  methods  that  will  not  cause  injury  to  the  metal.  Shearing 
and  chipping  shall  be  done  neatly  and  accurately.  Flame  cutting,  using 

a  tip  suitable  for  the  thickness  of  metal,  may  be  employed  instead  of 
shearing  or  sawing.  Re-entrant  cuts  shall  be  made  in  the  best  possible 
manner.  All  bends  of  a  major  character  shall  be  made  with  controlled 
means  in  order  to  insure  unifottnity  ox  size  and  shape.  Precautions 
shall  be  taken  to  avoid  overheating,  and  heated  metal  shall  be  allowed, 
to- cool  slowly.  .  »  ■  .  •  . 

.  '  .  •  ♦  - 

3.9.2  Eolted  connections.  Bolt  holes  shall  be  accurately  punched 
or  drilled  and  shall  have  the  burrs  removed.  V/ashers  or  lockwashers 
shall  be  provided  in  accordance  with  good'connercial  practice,  and  all 
bolts,  nuts,  and  screws  shall  be  tight.  " 

3.9.3  >7eldlng.  Tne  surface  of  parts  to  be  welded  shall  hr  ee  .'i 

from  rust,  scale,  paint,  grease,  or  other  foreign  matter.  Spot',  .ack, 

or  intermittent  welds  for  strength  will  not  be  permitted.  V7eld  penetra¬ 
tion  shall  be  such  as  to  provide  transference  of  maximum  design  stress 
through  the  base  metal  juncture.  Fillet  welds  shall  be  provided  when 
necessary  to  reduce  stress  concentration.  Manual  and  machine  welding 
processes  and  materials  shall  conform  to  applicable  codes  of  the  American 
Welding  Society  or  the  American  Society  of  Mechanical  Engineers,  for  the 
type  of  welding  to  be  performed. 

3.9.4  Machine  work.  Tolerances  and  gages  for  metal  fits  shall 
conform  to  the  limitations  specii'ied  herein  and  on  the  applicable 
drawings,  and  otherwise  to  the  standards  of  good  commercial  practice. 


f 
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'3.9.5  Castlnzs  and  forKtn;;s.  Castings  shall  be  sound  and  free  froB 
patching,  misplaced  coring,  warping,  or  other  defects  which  might  render 
the  casting  unsound  for  use.  Forgings  shall  be  uniform  in  quality  and 
condition,  and  shall  be  free  from  tear^,  cracks,  laps.  Internal  ruptures. 
Imbedded  scale,  segregations,  or  other  defects  which  would  detrimentally 
affect  the  .suitability  for  the  purpose  Intended.  Radiographic  tests  to 
detect  internal  defects  shall  be  employed  for  castings  and  forgings  where 
shown  oh  the  drawings  (see  4.3.3). 

3.9.6  Rubber  fenders.  Rubber  fenders  shall  be  uniform  in  appearance 
and  workmanship,  and  shall  be  free  from  porous  areas,  bubbles,  foreign 
matter,  and  other  detrimental  defects  and  irregularities. 

•  ^  '  '  'i  '  *  S  •’  •"  ...  .  •  ,  •  .  .. 

,  ,  3.9.7,.  Wood  fabrication.  Wood  bearing  and  rubbing  strips  shall  be 
neatly  and  accurately  cut,  contoured,  finished,  and  drilled  as  shown, 
and  shall  fit  snugly  to  the  buoy  without  forcing. 

4.  QUALITY  ASSURANCE  PROVISIONS  ’  . 

4.1  Responsibility  for  Inspection.  Unless  otherwise  specified  in 
the  contract  or  purchase  order,  the  supplier  Is  responsible  for  the 
performance  of  all  Inspection  requirements  rs  specified  herein.  Except 
as  otherwise  specified,  the  supplier  may  utilize  his  own  facilities  or 
any  commercial  laboratory  acceptable  to  the  Government.  The  Government 
reserves  the  rignt  to  perform  any  of  the  Inspections  set  forth  in  the 
specification  where  such  Inspections  are  deemed  necessary  to  assure  tnat 
supplies  and  services  conform  to  prescribed  requirements. 

4.2  Examination.  Each  buoy  and  tension  bar.  Including  rhe  prepro¬ 
duction  sample,  shall  be  examined  for  compliance  with  the  requirements 
specified  In  section  3  of  this  specification.  Examinations  shall  be 
conducted  as  specified  In  table  II.  Any  buoy  or  tension  bar  having  one 
or  more  defects  shall  be  rejected. 

•  •  »“  -  * 

Table  II.  List  of  defects 


Para  irapn 


3.2  through  3.2.4 


3.3  through  3.3.4 


Materials  not  as  speclLicd,  and  obviously  damaged 
used,  or  defective  affecting  serviceability  and 
reliability. 

Construction  not  ac  specified.  Dimensions  not  as 
Shown  or.  referenced  drawings. 


3.5 


Steel  pipe  and  fittings  not  as  specified. 

Fasteners  not  of  the  characteristics,  dimensions 
and  quantities  as  siiown  on  applicable  drawi.igs. 
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3.7  through  3.7.3  Cleaning,  treating,  prime  coating,  finish  coating. 

film  thickness,  and  general  paint  application  not 
as  specified. 

3.8  Identification  marking  missing,  incorrect,  or 

illegible. 

3.9  through  3.9.7  Uorkmenship  is  inferior  and  not  as  specified.  Bolt 

holes  not  accurately  punched  or  drilled  and  free  ■ 
from  burrs;  welds  are  sparse  or  incomplete;  castings 
not  sound  and  free  from  patching,  misplaced  coring, 
warping  or  other  defects;  forgings  not  uniform  in 
.  '  quality  and  condition,  arid  free  from  tears,  cracks. 

'  laps,  'internal  ruptures,  imbedded  scale. .'segrega¬ 
tions.  or  other  defects  affecting  suitability  for  , 
purpose  intended. 


4.3  Leak  tests.  Tests  for  types  IV  and, V  buoys  shall  be  as  shown 
on  the  drawings.  For  types  1,  II.  and  III  buoys,  the  preproduct  ion 
saziple  and  all  production  units,  before  painting,  shall  be  subject  to 
either  of  the  following  tests.  '  -  x  :  ,  ' 

•  -  •  *  *  •  ./  .  *  ' 

4.3.1  Pneumatic  test.  Each  buoy,  having  one  or  more  compartments. . 

shall  be  tested  for  tightness  of  Joints  by  the '  application  of  air  pres¬ 
sure  of  not  less  than  5  pounds  per  square  inch  for  a  minimum  period  of  . 
30  minutes,  ’.^hile  the  buoy  is  under  pressure  a  soapsuds .  solut  ion  shall 
be  applied  externally  to  reveal  any  leaks  or  as  an  option,  the  pressur¬ 
ized  buoy  shall  be  given  full  immersion  to  detect  any  leaks.  '  '■ 

4.3.2  Hydrostatic  test.  After  completion  of  all  welding,  the  buoy.  ' 

shall  be  subjected  to  a  hydrostatic  test  of  not  less  than  the  specified 
pressure  (see  3.6)  maintained  for  a  period  of  15'minutes.  Any  Joint  . 
failure  or  leaks  shall  be  cause  for  rejection.  The  water  used  for  '  ' 

hydrostatic  testing  shall  be  made  rust  inhibiting  by  the  addition  of 
sodium  dichromate  at  a  concentration  of  1/2  percent  by  weight.  After 
completion  of  the  test,  each  buoy  shall  be  thoroughly  drained  to  remove 
all  liquids. 

4.3.3  Radiographic  test.  Radiographic  tests  of  parts,  where  shown 
on  the  drawings  and  required  herein,  shall  be  in  accordance  with  MIL-STDr 
271;  evidence  of  defects  which  would  affect  the  strength  of  these  parts 
shall  be  cause  for  rejection. 

4.4  Preparation  for  delivery  inspection.  The  preservation.' 
packaging,  packing  and  marking  of  the  buoys  and  tension  bers  shall  be 
inspected  to  verify  conformance  to  the  requirements  In  section  5. 


.r 
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5«  PREPARATION  FOR  DELIVERY 


5,1  Preservation,  packaging,  and  packing.  The  follc^ing  constitutes 


the  total  requirements  for  any  level  (A,  B,  or  C),  of  preparation  for 
delivery:  The  buoys  and  tension  bars  shall  be  prepared  for  shipment  in' 
a  manner  which  will  Insure  arrival  at  destination  in  satisfactory  condi> 
tion  and  which  will  be  acceptable  to  the  carrier  at  lowest  rates.  Packing 
shall  comply  with  UCC  Uniform  Freight  Classification  Rules  or  ATA  National 
Motor  Freight  Classification  Rules. 


'  r5;2  Marking .  The  buoys  and  tension  bars  shall  be  marked  in  accord¬ 
ance,  with  MIL- STD- 129.  .  •,  . 


.  6.*  NOTES 


■  I?- 


6.1 


Intended  use.  Typaa  I  and  II  buoys  are  us' d  in  standard  fleet 
Type  III  buoys  are  used  for  marking  the  ends  of 


mooring  assemblies, 
submerged  fuel  transfer  lines,  marking  centerline  of  tanker  berth,  and 
for  small  craft  moorings,  as  appropriate  for  the  size.  Types  IV  and  V 
buoys  are  used  for  mooring  and  flotation,' 


6.2  Ordering  data, 
following;.. 


Procurement  documents  should  specify  the 
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(•)  Title,  number,  and  date  of  this  specification. 

(b)  Type  and  size  of  buoy  required  (see  1.2). 

(c)  When  preproduction  sample  is  required  (see  3.1).' 

(d)  When  tension  bars  shall  be  furnished  for. type  I.  size 

buoy  and  type  IV  buoy  (see  3.3.2).  ' 

When  hard  surfacing  shall  be  applied  by  methods  other  than 
;  metal  spraying  (see  3.3.3).  , 

When  finish  paint  shall  be  other  than  as  specified  in  3.7.1, 
When  color  of  finish  paint  shall  be  other  than  as  specified 
Csee'  3.7.1). 


<e) 


(f) 

(g) 


Custodians: 
Army  -  ME 
Navy  -  Yt 


Preparing  activity: 
Navy  -  YD 


Review' activities : 
Navy  -  'YD.  OS 


Project  No.  2050-0013 


User  activity: 
Army  -  ME 


Code  "N” 


•V J.  covn<cMC«T  PRorrc«  ornct  i»n^i.»04’n* 
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Calcs  ek’d  by: _ date: _ 


/!•/'  /h,  loaA  dkt  //i  -i4t.  t/v/Kc  ^ojoc,  /j  Ca/ckUi'^ 

■h>  ^  35  HifS.  Dm  QG  Convive CL  -ptxthr  o-f  ^afe-f-y 

of  5"  be  (vy  de£i^^  [ajc^Ik,  /ay  /'s  c/i« 

■Vk.  Si/ok^^-sf  \Aj»v"e  Nifk  4!~^  Fo//ai^Jiy\^ 


_ f  A/pO 

/-  /z  " 

I65.G 

/-  '■ 

m.^ 

/-  »/«  " 

?ot 

1-  Vy" 

y-  'V/^“ 

Z32 

;- V?" 

ZSf 

o4  Sa{c'{'^ 

(f.  S. ) 

^.1 
£.  S 
S.l 

CH-  ^ 

1,26 


cx)  Xio.  F.  S.  /s  /i/j/\€ir  44]Qr\ 

W///  q/Zoia;  eykya.  o-f 

AA'  CX^  C^rY>v>vt^v%/  £iij^  </d 
kv/lk  k'AK-t, 

^Obyj/^^  A/^  OjATiO  hoM.  /'2/Ctu^cJ^?V^ 


page  —  of - 


1  CHESAPEAKE 

division! 
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Calcs  ek’d  by: .  _ 

date: 

PROJECT:  9ej^!gca  Tcp 

Station:  Dl^g^c^■el^,  -  a^^sc 

E  S  R: _ Contract: _ 

Calculations  for:  AMkov  O^s/^h 


f\  S  /<7p  C\\\okro  jjt^  pAAJU<JZ^^-o  hojje. 


<>§  ostA(^yj^ yh 

S  C^rO  Xl"'^  CUit<?tc/'-fiX  .^^Ajr\XJ 

^^o  t^cIaJaU  s^^-e+  53 'pg-. 

CL^'-^Sb  UJ-<^ 


F:^.  -  /Q6/35  =  3.^ 


Oic.an'^i 

35//^ 


d’i/'4^' 


^  ;t^  ditr^  dW-V'^ 

'jbs'  ^Oj^Jl/IcU^Aa  /\j^CbUb  •  9^. 

^/<ahj2J2, 

Cl'TycA^^  (^4/1^0-.  qA  XJ'^  /Tf^^d  •  ')'*^<v-kW 

S'/'abj  '/i?cv'  tav^s  iAj}ll  fed  (ACC,  -fl-^  cAorvce  of 

Ovoinci^x  'ftA/nih^  qwi  Ol^.t: 
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DISCIPLINE _  E  S  R; _ Contract: _ 

Calcs  made  by:  — Cee/i^ - date:  Calculations  for:  r  ^oiK 

Calcs  ek’d  by: _ date: _ 


CrAcX/''^  /^voCaJ  pjCt'Cvv 

(\)  aJ^  LAJei^K-f  -/o  l{ee^  aiv/-^k 
a<fi)  ejc'fiA 

(2J  4^  i/i/eav  ai  -/le  ZoiH/f/iAc  of  bclh^  Pick^ 

Ih  OiA.'f  C^yh^rnic  OcT^^ 

IK  I'lXcO'^lV^ 

1^6  if  of  ck^A^  )jQ_  ;t4^  /)')VJ^  h'd'^'  ^ 
bJl  pA^-ix  “l-vO  . 

iS  A(r/<  cKoiih  '. 


Si?e  ('<0;^.^ 

Pk^6of 

F.  S. 

{S'ft-As.  '^)  (  hip:) 

/'•/y" 

?5.a 

/'  V/6" 

/OhS 

I'Ve" 

///.  O 

2.J7 

l’l//r 

Ieohs' 

2.^f 

nj.o^ 

?.  7V 

/*  v/r 

V.  06 

/-  SA" 

V.  37 

F.  S. - 

^I2€  ckaiK  VJe»i  for  .’ 

3  cAaii\  proof. 

/I  /-'A" 

'-r- ■  ri^  I  ^  V  <^if(owa/Tvct  rt)V^  Ivtx^v- 

wei^Kt  fo  N)fd  -PU,  a/r^iLa. 

^  -VV^  di^  owiIaoys 

3;  C6nv\?A\  ^/-L^  pa£®- 


CHESAPEAKE  DIVISION  PROJECT:  7"^/=^ _ 

f’sval  Facilities  Engineering  Command  ROW  Station:  ^^usc  _ _ 

DISCIPLIIIE _  E  S  R: _ Contract: _ 

Coles  made  by:  ^  S-eckyj/fJz  date:  Calculations  for: 

Calcs  ek’d  by: _ date: _  _ ^A^ih  ropr^ _ 


,  ii  ''  0 


cJ'^lodc  cr^cSi 


1  !i.'  l^ll'<'c  y'opc. 


'Jf.  o'f  cli6i*^  — 

Oo' 

%>-■(  of  v~\\/<,  repe  — 

't.  I Lf  iA(Jr 


c  - 


c  I 


4x'^yt^  iirt.a  c  'y^o\^l>^ 


^  (\Z.^(J,)  i-  l^(t.zf)^  =  \,{p 

1^0 

l^  J  o(c 
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Jtn  0/  J^uery 

j,  9.s‘\, 

Tr"(^5)Vo>€.4')  ^ 

4  ‘-Z. 

Hjcf  —^0'  of  I  diC-locJc:  cJryGi^ 

^J-e^  urt  =  nos  ' 

0‘f  ci^O(sU  cL\r.  q  f  I  sUr^ 

1103  \y  ^  3.0"  v/9 

i^'-eeWo  ’='■24' 

pinSa  4rx-r<\^oc^Jl  ^  24  ■  3  •=  >  \l*  ok 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE 

PROJECT:  TCP  t^oori.^ 

Station:  . 

E  S  R‘  Cnntrant’ 

Calcs  made  bv:  Vitals  date:  2« ///iy 23 

Calcs  ek’d  by:.  .  date: 

Calculations  for:  CirM5{M;x» 

r. 

r. 


/■//£■  Ci^UCUi-fiT/OAJh  (J/V  raLLOuDI^JG-  PA&£S  TX}M£  T’O 

Z:ET£R./Vli/‘y£‘  CoHBTHe^  rH£  SEa/BC^  L./)KE  f3uoy  ujii.l  iaiPLo'D^^  iF 
Su3/^BP6eT>  TO  17  F£BF  -Doritf^G-  Ff7£  Poll.  TFST  ap  TFF  /ylooF- 
ly*G-.  srPFSS€S  ON  rPE  5>T<E£1.  PLATcS  op  rPB  euoy  cuBRP  cal¬ 
culated  Fo/^  TUB  GopTOaA^  FLPr  SECT! CM  /?/VIi  THE  S>l,VE^ 

CjP'/ED  3ecr/0P.  fee  CuP/E'D  SECF/Cn  PRo'/ED  to  Ee  /-^Jch  s,rA0/J^eP. 

THE  CoNrRQLL\NG  loads  /JA-D  OEETEE  TEeaE  PaPE  BE  EASETi 

C^J  rue  BoTTOAI  plate,  steel  used  IU  ConStRucT/OaJ  is  A3C>  u>>th 

P  'ilELD  STRESS  OF  Bl  KSr . 


M 

Quoi 

SrABiieS  0» 

FACTOR  OF 

depth  to 

■ 

SI  =£ 

eorroM 

SAFSry  at 

'i/ELT>  STR£^ 

AT  n ' 

f 

iy 

aF  S.rSEL 

KSC 

('ft) 

!! 

V 

9.5'  y  5.0' 

/8 

z.o 

39 

•  • 

« 

V 

/0‘S  ^  (p.(p 

2  7 

/.  3 

2C> 

* 

I0.5'  X  7.S' 

Z7 

/,3 

2(. 

\\ 

* 

f. 

i 

oJr  SeAzea^ 
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Hate 

ES  R: 


Contract: 


ProQLEM''  at  SP£"CiF/e'J3  Pull.  oF  30,006  pou^u-os^  TM£’  Ouoy  out  Li.. 

S/>vA<  /)PP(ROXiyvi^T£  Ly  /7  F££T.  Co>/ll  /T  liAPl-<31>eX 


J:  /(» 


•saS 


- ^S' 


fZ/7  'V#ei 

IZI7  Ih/it^  s  g.4-5'  Ib/in^ 


fliSOi^PTlO/^S  ' 

/  SifJC£  PPessOKF  /s  £/<T£ft.N;\L^  PVSHi^/O  /a/  o/J  /^oof^^nO-  ^  /T  /S  F  D 

TH»T  the  Cl/AVS'D  CyLxfJtt^A  uz/tt  <ie  /vlUCH  STHii^SeP  rH£ 

BoTTO/ux  .  TH  Ff^FFoKF  Ti/F  woAST  CASE  u>ill  Q£  thF  sta  £-^'^Tti 
aF  THE  QoTTOiA. 

2.  THE'  BoTTo/^  /V/)S  A  SEAiES  oF  SFoxES  QBea  <  S  /T  l>F 

l/iTO  9  CiACulaA.  sectors  (piF  ElicEs),  TFE  AhPL'^S/S  lu/ll.  BE 
PonE  Ofu  A  c  iBQuL/tA  3SCTOX. 
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5-  /5  r//£  sr^ess.  trs  TH£  ru^o 

t  AI<|X 

/3y«/S  r-^£  SAy>^£  t=(3F.  eoTt^  BuayS  Sf^/C£  A//9  TAAiT 

vi/^/ytFreK.  ^  /o.s*  . 


5, 

=  (o  a"*- 

/-»'j  3  - 

2^  /3ff 

'V/V^ 

(o.37S 

A-LOiim  & 

PffP  r>t  '■ 

ii£LX>  sr/?e-ss 

r  36,  ooo  'in  *• 

d 

H  ' 

/>*-^rA  ( 

3(>,ooo  w^(o.Z~fS’ 

i(^(/44 

IV»  \ 

- 

i  3'  J 

(0.1/4)  (i  3  "^) 

^  (^2.4 
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Naval  Facilities  Engineering  Command  NOW 
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Calcs  ek’d  by:  . 

date:  5.^//'-,?^ 

ESR: 


Contract: 


-cA  THS  C.uRVS'O  Si  VS  PA//£lS'. 

^Ro/vy  PoAR  K  ( m3\  .P/}Sc  3ai.,  Ti^S'  Uf-IIT  £atsP/‘^RL  Pfi=SZ.^A£  AT  u/HicH 
QUCHLIA/&-  OCCOAS  PoR  P  CuR'/=0  PR/'/SL  /S  (rlVC^J. 


w'.  £  t‘(  -<) 

/2  (l  -V*) 


ur'  =  ^29  mo''  ^-Yo.  375-  (^^fn/gY 
/2  (st  »*/)■*  ( I  -  0.3*) 


of  Cop /ATtOfJ  -51, <o 
C-  rn  iCKioess  =  0.37s 

■H  ~  Ce^S'Pr'Sl  PNO-Le 

=  ;\R<i  i\&  -  <'(%)  -  n’/s 
2<' 

V'  PomoAJ's  RPTio-  0.3 


\z^  *IQ‘  ;^^j{0  Z7S  /*/)  ( ^ 
(iz^(si  I^Y  (l-O.OPi) 

3  91 


'+</)  _  C>i>  .  ^ 


r-V/S  Spaujs  TM/tT  rn£  CIACULAA.  PA>yEL  OJILI-  &£  P5L£  To  U£/TS- 
%rf)/‘iv  rue  Q.-^s  ib/iM^.  or  pRPss.vp£  at  j^.s'. 


r'’,Cvl  R09R<(l^-^'^ ^  PP.6e  i>o6  TP^  'Jr/tT  SrTepAAL  PPESSc/SS  at  U/AtCH 
cJCkLi^Gr  OCCURS  ROiS  A  THIA  Tt/BBX  Ui/VER  U^IToRM  LaTSPAL  £xTcR'-A9L 
PRES<iope  JS  CriVSAJ  Qy : 

Vx 

to' =  0.807  £  t^_  |T~  /  Y  =  V.307  (29  Ao’’  it^(o.l73  /j_  y  fo.375'^ 

Jr  (ao  /^)(5/'v)  yi^q°/  (•^'"^)*J 

J  -  T'jds  tenoTH  ITTi 


0.39Z 


uj-'=  ^a.^id  '•’//Vi 


T->£A£FoAP^  Tri£  IF  CoASi  VSAaO  ro  S£  A  Tu3£^  CRO  Spsity  u>>TH- 

C-rAnV  THE  9,4s  oF  PRESSURE  /jT  14.5*. 
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